Purpose This study reported patient outcomes of chemotherapy-induced nausea and vomiting (CINV) prophylaxis for highly emetogenic chemotherapy (HEC) and moderately emetogenic chemotherapy (MEC) regimens and evaluated its adherence to acute-phase CINV prophylaxis in the Korean population subset of the Pan Australasian Chemotherapy Induced Emesis burden of illness (PrACTICE) study.
Introduction
Chemotherapy-induced nausea and vomiting (CINV) significantly impairs quality of life and adherence to planned chemotherapy regimens in cancer patients. Despite the availability of newer antiemetic agents, reducing the incidence of CINV remains a challenge, particularly in the case of nausea and delayed CINV (occurring > 24 hours postchemotherapy) [1, 2] . Although the incidence varies with the chemotherapy regimen, choice of antiemetic, adherence to antiemetic guidelines, and patient characteristics, ethnic differences, and genetic polymorphisms are also involved as they influence the metabolism of antiemetic agents [1, [3] [4] [5] .
Several guidelines recommend prophylactic antiemetic regimens for anticipatory nausea and vomiting and for the acute and delayed phases of treatment, based on choice of chemotherapeutic agents. As anticipatory nausea and vomiting shows a poor response to treatment, antiemetic guidelines recommend prevention with optimal first-line antiemetic prophylaxis for acute and delayed CINV [6] [7] [8] [9] . However, research shows that adherence to guidelines is low, and antiemetics are typically under prescribed in patients receiving highly emetogenic chemotherapy (HEC) or moderately emetogenic chemotherapy (MEC) regimens, with wide variations in dosage leading to suboptimal control of CINV [1, [10] [11] [12] [13] .
The Pan Australasian Chemotherapy Induced Emesis burden of illness (PrACTICE) study evaluated the burden of CINV among patients receiving HEC or MEC in six countries across the Asia-Pacific (AP) region [14] [15] [16] [17] [18] . Data pertaining to the incidence of CINV in various chemotherapy cycles [14, 16] , the pattern of CINV prophylaxis in practice [15] , predictors of anticipatory CINV [17] , and the influence of CINV on modifications made to earlier cycles of chemotherapy regimens [16] have been previously published. The results of these studies demonstrated that CINV in prior cycles was a strong and consistent predictor of CINV in subsequent cycles, and the incidence of chemotherapy regimen modification because of CINV was low in individual cycles [16] , thus highlighting the importance of preventing CINV in cycle 1 to reduce anticipatory nausea and vomiting in subsequent cycles [17] . Differences in the prevalence of qualityof-care indicators, adherence to guidelines, and prescribing patterns of CINV prophylaxis for HEC and MEC within and across countries [15] were also noted. The 5-hydroxytryptamine-3 receptor antagonists (5HT3-RAs) were the most consistently prescribed antiemetics in the AP region; prescriptions for other antiemetic therapies were variable [15] . The highest prescribing behavior and use of rescue medications were noted in Australia and Singapore, whereas the lowest use was noted in India, South Korea, and Taiwan. In addition, country-specific differences can provide important information for designing studies and implementing country-specific guidelines [14] . As CINV remains a substantial problem, country-specific information could also improve outcomes for patients undergoing chemotherapy [14] . These differences suggest that clinical guidelines must be adapted based on country-and area-specific healthcare systems in addition to drug availability, reimbursement policies, and clinical practices. Although studies on CINV have been conducted in the AP region [19] [20] [21] [22] , differences in study design and location prevent broad generalizations. PrACTICE is the only study with a common study design evaluating the burden of CINV in six countries of the AP region [18] .
The current study reports on the subgroup analysis of patient outcomes, including CINV prophylaxis in cycle 1 of HEC and MEC and evaluated the adherence of this acutephase CINV prophylaxis in cycle 1 according to the criteria of measures in the American Society of Clinical Oncology (ASCO) Quality Oncology Practice Initiative (QOPI) in the Korean population subset of the PrACTICE study.
Materials and Methods

Study design
PrACTICE, a multicountry, multisite, prospective, observational study evaluated the burden of emesis in adult patients initiating HEC or MEC for cancer treatment at 31 sites in six countries (Australia, China, India, Singapore, South Korea, and Taiwan) across the AP region. The detailed study design has been previously published [18] . The study was conducted in accordance with the Declaration of Helsinki and local regulations. Patients provided written informed consent before enrollment, and the study was approved by the institutional review board of each institute.
In the subgroup analysis, we evaluated patient outcomes pertaining to CINV among the 158 Korean patients enrolled. Patients were categorized according to HEC and MEC groups. Wherever possible, the Korean data were compared to the data of 648 patients enrolled across the AP region. The primary endpoint was the prescription pattern for cycle 1 of CINV prophylaxis in South Korea. Secondary endpoints included adherence to acute-phase CINV prophylaxis in cycle 1 to the criteria of measures in the ASCO QOPI and the primary source of consulting guidelines for CINV prophylaxis.
Study population
Male and female patients aged  18 years and naïve to HEC and MEC [18] were considered eligible. They were to receive at least two cycles of cancer chemotherapy with intravenous administration of at least one of the following commonly used single-day HEC or MEC agents: cisplatin, cyclophosphamide, dacarbazine, oxaliplatin, carboplatin, doxorubicin, epirubicin, or irinotecan. Chemotherapy regimens were categorized as HEC or MEC based on the emetogenic potential of the single agent with the highest emetic risk in a regimen [22] . Chemotherapy agents with low emetogenic potential were permitted if the patient had received at least one of the HEC or MEC agents. Patients not capable of taking oral medications, scheduled multiday chemotherapy, concurrent radiotherapy, current brain metastases, or vomiting in the 24 hours before cycle 1 were excluded from the study. Additional details have been described in a previous publication [18] .
Assessments and outcomes
The primary investigator at each site completed a one-time survey regarding adherence to antiemetic guidelines before enrolling patients. Enrolled patients answered a questionnaire-based survey (in the form of a diary) before receiving chemotherapy (on day 1) and on days 2 and 6 of each chemotherapy cycle. These included questions regarding vomiting, nausea, and anticipation of nausea, and anxiety during the 24 hours before initiating chemotherapy for each cycle. Similarly, patients completed the Multinational Association of Supportive Care in Cancer (MASCC) antiemesis tool (MAT) (a validated tool for measuring the incidence and severity of nausea and vomiting after chemotherapy [23] ) on days 2 and 6 of each cycle. Questions included in the diary for cycles 1 through 3 are outlined in a previous publication [18] . Patients who completed the questionnaire in the diary for cycle 1 continued to receive study therapy, maximum of three cycles, for approximately 3-4 weeks (Fig. 1) . Patients also completed an antiemetic medication questionnaire regarding use of medications for CINV prophylaxis or as rescue therapy for treatment of established nausea or vomiting in the 24 hours after chemotherapy (acute phase) or from 24 hours to 5 days after chemotherapy (delayed phase) on days 2 and 6 of each cycle. Details of chemotherapy, including date, time, setting (inpatient or outpatient), route of administration, type of chemotherapy, and acute-phase CINV prophylaxis were recorded on day 1 of each cycle. Similarly, delayed-phase CINV prophylaxis prescribed for days 2-5 was recorded. Thereafter, anonymized electronic case report forms containing patients' responses to the study questionnaires and their complete medical record data were generated. The study did not influence treatment decisions or any site-specific investigations.
The primary antiemetics were classified according to three categories based on the World Health Organization Drug Dictionary, September 1, 2010, ver. 3 [24] . These included corticosteroids, neurokinin-1 receptor antagonists (NK1-RAs; aprepitant, and fosaprepitant), and 5HT3-RAs or setrons (granisetron, ondansetron, palonosetron, ramosetron, and tropisetron). Categories of secondary antiemetics included antihistamines, benzodiazepines, histamine-2 receptor antagonists, propulsives (e.g., domperidone and metoclopramide), proton-pump inhibitors (e.g., lansoprazole, omeprazole, and pantoprazole), and others (e.g., haloperidol, prochlorperazine, and pyridoxine). Due to differences in reimbursement and/or regulatory status across countries in the AP region, use of NK1-RA (aprepitant) differed by country. Aprepitant prescribed for HEC and for secondary prevention in MEC is eligible for reimbursement in Australia and Korea. Aprepitant had regulatory approval in Taiwan, Singapore, and India; however, it was not eligible for reimbursement during the study period. Aprepitant did not have regulatory approval in China during the study. Quality-of-care indicators were based on the ASCO QOPI [6] and categorized as follows according to adherence to the criteria of measures in the ASCO QOPI Symptom/Toxicity Management-Chemotherapy-Related Module for acutephase CINV prophylaxis.
1) QOPI-1: 5HT3-RA prophylaxis prescribed or administered with HEC and MEC (corresponds to QOPI Symptom Module #26) 2) QOPI-2: corticosteroid and 5HT3-RA prophylaxis prescribed or administered with HEC and MEC (corresponds to QOPI Symptom Module #27) 3) QOPI-3: aprepitant prescribed with HEC (corresponds to QOPI Symptom Module #28) 4) QOPI-4: antiemetic therapies appropriately prescribed for HEC and MEC; thus, for HEC, yes to QOPI-2 and QOPI-3 and for MEC, yes to QOPI-2 (corresponds to QOPI Symptom Module #29) Patients were categorized based on adherence of their acute-phase CINV prophylaxis in cycle 1 according to the criteria of measures in the ASCO QOPI.
Statistical considerations
Study outcomes, including CINV incidence and treatment patterns (chemotherapy or CINV prophylaxis), were descriptively analyzed by phase (overall, acute, or delayed), by cycle (as appropriate), within and across countries, and by level of chemotherapy emetogenicity (HEC vs. MEC). For analysis, patients were assigned to the following mutually exclusive chemotherapy regimens: HEC, wherein the treatment parameters were cisplatin-based, intravenous cyclophosphamide-based ( 1,500 mg/m 2 ), dacarbazine-based, and women treated with anthracycline plus cyclophosphamide; and MEC, wherein the treatment parameters were carboplatin, cyclophosphamide < 1,500 mg/m 2 , doxorubicin (nonpegylated and nonliposomal), epirubicin, irinotecan, and oxaliplatin. Differences in achievement of complete response between countries were assessed using Pearson's chi-square test. Statistical significance was assessed at a two-sided 0.05 level. Unless otherwise stated, all confidence intervals (CIs) were at the 95% level and two-sided. For the summary of percentages with limited sample size, including countrylevel summaries, the Clopper-Pearson exact CI for binomial distribution was used. Further details are available in a previous publication [18] . Statistical analyses were used for the summary of percentages with limited sample size, including country-level summaries" and performed using SAS ver. 9.2 (SAS Institute Inc., Cary, NC). The primary goal of the study was to provide South Korea-specific data on CINV outcomes that could potentially be used to improve the quality of antiemetic prescribing in the region. The sample size calculation was previously described [18] .
The ASCO QOPI measures are reported as counts and percentages for patients meeting each of the four criteria for the acute phase, summarized by cycle and country. Analysis of the ASCO QOPI adherence is described in detail in a previous publication [15] .
Results
The PrACTICE study enrolled 689 patients across six countries in the AP region with 158 patients in South Korea, with 648 patients evaluable in cycle 1. Enrolled patient distribution is shown in Fig. 1 . The subgroup analysis included 151 Korean patients who received cycle 1 of chemotherapy. Evaluable patients in South Korea initiated on HEC included 80 patients in cycle 1, 74 in cycle 2, and 68 in cycle 3. Similarly, evaluable patients initiated on MEC included 71 patients in cycle 1, 63 in cycle 2, and 56 in cycle 3. The distribution of evaluable patients receiving cycles 1, 2, and 3 of HEC and MEC across countries is shown in Table 1 .
Baseline patient characteristics are described in detail for each cohort, overall and by country, in a previous publication [14] . The Korean patient distribution across the HEC and MEC regimens based on type of cancer is shown along with corresponding AP data in Table 2 .
In the HEC group, cisplatin was the most commonly used agent in 75%, and doxorubin was the next most commonly used in 26.3%. In the MEC group, most patients were treated with oxaliplatin (93%). 5-Fluorouracil or capecitabine was also commonly used in 28.2% and 29.6%, respectively, and adriamycin was the next most commonly used drug in 25% and 26.3%, respectively. In the MEC group, most patients (93.1%) were treated with oxaliplatin, and 28.2%-29.6% of patients were treated with 5-fluorouracil or capecitabine. These drugs were administered in combination. The majority of patients (46/80, 57.5%) were initiated on a triple regimen, a combination of a corticosteroid, a 5HT3-RA, and an NK1-RA, in the acute phase of the HEC regimen in South Korea compared with 123/318 patients (38.7%) in the AP region. A greater majority of patients (59/80, 73.8%) were initiated on a double regimen (combination of a corticosteroid and an NK1-RA) in the delayed phase of the HEC regimen in South Korea compared with 99/318 (31.1%) in the AP region. All patients in South Korea were prescribed a primary antiemetic in the acute phase, but one patient in the AP region was not prescribed any antiemetic. However, in the delayed phase, 5/80 patients (6.3%) were not prescribed a primary antiemetic versus 75/318 (23.6%) in the AP region. Table 3 summarizes the antiemetics prescribed for CINV prophylaxis during the acute and delayed phases of HEC cycle 1 according to antiemetic category for South Korea and the AP region.
2) Antiemetic prophylaxis for MEC cycle 1
The proportion of patients who were initiated on a double 
ASCO QOPI results in cycle 1 and adherence to CINV prophylaxis guidelines
In South Korea and the AP region, use of a 5HT3-RA was frequent in the acute phase for both HEC and MEC regimens; Values are presented as number (%). HEC, highly emetogenic chemotherapy; MEC, moderately emetogenic chemotherapy; AP, Asia-Pacific; 5HT3-RA, 5-hydroxytryptamine-3 receptor antagonist; NK1-RA, neurokinin-1 receptor antagonist.
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therefore, patients meeting QOPI-1 exceeded 95%. In South Korea, the triple regimen (corticosteroid-5HT3-RA-NK1-RA) was initiated in 46/80 patients (57.5%) for acute management of CINV in cycle 1 of the HEC regimen, and the proportion of patients meeting QOPI-3 was 66.3%. In the MEC regimen, the double regimen (corticosteroid-5HT3-RA) was initiated in 59/71 (83.1%) for control of acute CINV in cycle 1 and 61/71 (85.9%) patients in Korea met QOPI-2. In the HEC regimen, 46/80 patients (57.5%) in South Korea met QOPI-4. These measurements were higher than those in the AP regional data, in which a greater mismatch in guideline adherence was reported (HEC group [corticosteroid-5HT3-RA-NK1-RA], 38.7% vs QOPI-3, 43.4%; MEC group [corticosteroid-5HT3-RA], 78.8% vs. QOPI-2, 83.9%) in acute phase of cycle 1 in the HEC regimen, respectively ( Table 4) . The survey showed that the National Comprehensive Cancer Network (NCCN) guidelines were the antiemesis guidelines most commonly cited by physicians in Korea and across the AP region (except in Australia, where the MASCC/ European Society for Medical Oncology guidelines [8] were most commonly cited).
Discussion
We analyzed the pattern of antiemetic therapy in countries of the AP region in a previous report [15] . In that data, we compared the different patterns among countries associated with different policy, standard of care, or preference. In the current study, we tried to focus on the characteristics of the antiemetic therapy pattern in Korea, because knowledge regarding the different treatment patterns in real practice is important when establishing the principle for cancer treatment. The results showed that in accordance with guideline recommendations [6, 7] , the majority of patients (57.5%) received prophylaxis with a triple regimen (corticosteroid 5HT3-RANK1-RA) in the acute phase of cycle 1 in the HEC regimen in South Korea. A greater majority (73.8%) of patients received prophylaxis with corticosteroid-NK1-RA in the delayed phase of cycle 1 in the HEC regimen. In the case of MEC in South Korea, a double regimen (corticosteroid-5HT3-RA [83.1%]) was initiated in a majority of patients in the acute phase of cycle 1. Interestingly, an equal proportion of patients were initiated on either a 5HT3-RA or a corticosteroid-5HT3-RA (32.4%) regimen in the delayed phase. NK1-RA prescriptions were noted in 66.3% and 83.8% of patients in the acute and delayed phases of HEC cycle 1, respectively, although NK1-RA (aprepitant) prescriptions as part of the HEC regimen for CINV prophylaxis are eligible for reimbursement in Korea. This is because of the reimbursement policy. Because this study was an observational study and no intervention was added to the treatment, it can reflect the treatment pattern in real practice. Many clinicians tend to choose treatment according to reimbursement guidelines in practice, but it can be interpreted narrowly according to type of drug, duration, frequency of symptoms, timing of initiation, and so on. This could lead to the limited prescription of anti-emetics in the acute phase of cycle 1 chemotherapy, which has limited application in real practice. Considering that many clinicians tend to choose the drug based References on the reimbursement policy, it has to be changed flexible for better and more comfortable treatment of patients. Therefore, considering international guideline recommendations [6, 7] , there is room for improvement in NK1-RAbased triple regimen prophylaxis in the HEC groups. This gap was even more evident for CINV prophylaxis in the acute phase and delayed phase of cycle 1 in both HEC and MEC groups. For better control of CINV prophylaxis in the acute phase of cycle 1 chemotherapy, we suggested that reimbursement policy should be applied flexibly, not restricted to reimbursement guidelines. However, CINV prophylaxis in Korea could not be directly compared with that of the AP region due to large variations in prescribing patterns for CINV prophylaxis among countries.
The differences between South Korea and the AP region could be attributed to country-specific differences in factors such as adherence to guidelines, dosage and prescribing patterns of CINV prophylaxis therapy [1, [10] [11] [12] [13] 15] , prevalence of quality-of-care indicators [15] , use of rescue medication, drug availability, reimbursement policies, location, and study design [19] [20] [21] .
In this study, the NCCN guidelines [7] were the most commonly cited guidelines in the AP region, including South Korea. In the MEC regimen, the double regimen (corticosteroid-5HT3-RA) was initiated in 59/71 patients (83.1%) for control of acute CINV in cycle 1 and 61/71 patients (85.9%) met the QOPI-2 rate in South Korea. The triple regimen (corticosteroid-5HT3-RA-NK1-RA) was initiated in 46/80 patients (57.5%) for management of acute CINV in cycle 1 of the HEC regimen, and 66.3% of patients met QOPI-3. These rates were higher than those reported for the AP region, where a higher mismatch in guideline adherence was reported. Considering the discrepancy between antiemetic prophylaxis and the actual requirement based on qualityof-care indicators (ASCO QOPI), adherence to international guidelines for CINV prophylaxis must improve, particularly in the acute phase of cycle 1 in HEC in South Korea and more so in the AP region.
As mentioned in previous publications [14] [15] [16] [17] [18] , the PrAC-TICE study had several limitations: (1) the sample size in 3 countries (Australia, India, and Singapore) did not reach the planned enrollment of 45 patients in each of the HEC and MEC cohorts for comparison with the South Korean population; (2) CINV findings were patient reported and based on patient diary completion of the MAT on postchemotherapy days 2 and 6. However, sites that reviewed diary entries confirmed that the recorded information included the patient's verbal description of their experiences; (3) QOPI criteria do not take into account the prescription schedule on the appropriate day [25] ; for example, QOPI-2 criterion includes any corticosteroid (and 5HT3-RA) prophylaxis initiated with HEC, and not a specific corticosteroid, on days 1-4 in HEC; and (4) the availability of antiemetic medications and reimbursement differ in each country, which may likely influence the antiemetic prescription patterns.
Conclusion
Despite relatively higher rates than the AP region, management of CINV in cycle 1 of HEC in Korea should be more active. 
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